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Abstract

RTCA Special Committee 186 has recently adopted a series of changes to the original Minimum

Aviation System Performance Standards (MASPS) for Automatic Dependent Surveillance
Broadcast (ADS-B). 1 The new document will be published as DO-242A. Major changes to the

MASPS include a significant restructuring and expansion of the intent parameters for future

ADS-B systems. ADS-B provides a means for aircraft to exchange information about their

intended trajectories with each other and with ground systems. NASA and Boeing have played

significant roles in recommending these changes and providing supporting analysis. The intent

changes are anticipated to provide substantial benefits to several programs and operational

concepts under development by the two organizations.

There are four primary changes in the specification of intent broadcast for DO-242A ADS-B

systems:

Introduction of Target State (TS) reports for broadcasting current flight segment target

states, including target altitude and target heading or track angle. These reports provide

information about an aircraft's short-term intent.

Adoption of a broader definition of Trajectory Change Points (TCPs) that includes 2-D Area

Navigation (RNA V) waypoints, 3-D and 4-D trajectory change points under D0-242, and

level-off changes in vertical transitions. The expanded definition accommodates

uncertainties that can exist along an aircraft's trajectory.

Introduction of Trajectory Change (TC) reports for broadcasting successive flight segment

parameters and TCPs. (TC reports are the DO-242A equivalent of next TCP and TCP+I

reports in D0-242, but with an expanded report format for more generic TCPs, and

capability for transmitting up to four TCPs.)

• Introduction of new transmission update rates and broadcast conditions for aircraft

broadcasting TS and TC reports.

These changes have been designed to better reflect the capabilities of existing and future aircraft

avionics, while providing benefits to current and proposed applications. DO-242A implements

intent information elements that can be supported by current avionics systems and data buses.

Provisions are made for future incorporation of other intent elements, as needed to meet

operational requirements. This document summarizes the reasons for the DO-242A intent

changes and provides a detailed overview of current and future intended ADS-B MASPS changes

related to aircraft intent.



1 Introduction

The revised Minimum Aviation System Performance Standards (MASPS) for Automatic

Dependent Surveillance Broadcast (ADS-B) document (DO-242A) incorporates significant

changes related to the exchange of aircraft intent information. Aircraft intent refers to

information known about an aircraft's intended trajectory and is considered to be an enabling

technology for the future National Airspace System. 2 ADS-B is a means by which aircraft can

exchange intent with each other and with ground stations. As primary sponsors of the MASPS

changes related to intent, NASA and Boeing have worked to ensure that the ADS-B MASPS is

supportive of future intent applications under consideration by both organizations.

The reason for considering broadcast of intent information in ADS-B systems is to extend the

domain of predictability of aircraft trajectories beyond short-term extrapolations using current

aircraft position and velocity states. Most current ADS-B applications under development only

require state vector data. However, future applications of ADS-B could require intent

information to extend look-ahead time for trajectory predictions beyond the current flight

segment, or as a means of enhancing integrity of extrapolated path predictions. Proposed air-air

applications of intent information include airborne separation planning where more than a few

minutes look-ahead time is desirable for conflict detection and conflict prevention, and conflict

resolution, where broadcast of intended resolution maneuvers may be important for situation

awareness of all nearby equipped aircraft.

As part of the Advanced Air Transportation Technologies (AATT) project, NASA is

investigating a free flight concept known as Distributed Air Ground Traffic Management (DAG-

TM). 3 In this environment, air crews would work collaboratively with air traffic service

providers to resolve airspace and traffic conflicts and enable user-preferred routing. Intent

information is needed to support separation assurance applications and ensure situation

awareness for all parties.

ADS-B intent information is also intended to enable advanced air-ground applications such as
sequencing and merging of terminal area flow streams 4 and use of precision trajectory separation

concepts for aircraft arrival and departure flows in congested airspace, s-6 For these applications,

aircraft intent exchange allows collaboration between air and ground personnel on detailed

trajectory plans. Mutual understanding of aircraft intent should help ground controllers take

advantage of precise navigation capabilities typical of advanced Flight Management Systems

(FMS). System benefits would include more efficient airspace use and user-preferred routing.

The type of intent information considered for ADS-B broadcast is limited to generic trajectory

segment information that does not require detailed knowledge of airplane avionics, e.g. the use

of standard lateral leg types for horizontal flight segments, and the use of climb, cruise and

descent flight segments with specified end-points for vertical flight transitions. The overall

objective is to describe intended trajectory segments in a generic way, avoiding the use of

airplane specific guidance implementations and control modes.

The original ADS-B MASPS specifies only a limited range of intent information, i.e. the use of

3-D and 4-D TCPs as endpoints of the current and next flight segment, respectively. Several



reasonsfor expandingtheuseof intentbeyondthatin DO-242andwaysin whichtheseissues
areaddressedinclude:

(1) The original ADS-B TCPsneededrevision to reduceambiguityin representingand
predictingflight trajectories. Oneproblemwith DO-242is that TCPsalonedo not
adequatelydescribeeither the current intendedtrajectorysegment,or the intended
trajectorychangeat the endpointTCP. DO-242Areplacesthe old TCPand TCP+I
reportswith anewTrajectoryChange(TC)report. In additionto containingTCP-related
information, the TC report provides information on connectingflight segments,
conformancewith thebroadcasttrajectory,andwaypointaltitudeconstraintsthatmay
not involveatrajectorychange.

(2) ADS-B intent shouldbetterreflect the operationalcapabilitiesof existingand future
aircraft avionicssystems,i.e. to representautopilottargetvalueswhenflying in less
automatedtacticalmodes,and to includea wide rangeof aircraftautomationsystems
rangingfromcurrent2-DAreaNavigation(RNAV) systemsto existingandfutureFMS-
basedprecisionRequiredNavigationPerformance(RNP) RNAV systems.DO-242A
incorporatesa new TargetState(TS) report that providesshort-termtactical intent
informationfrom the onboardsystemactivelysupportingaircraft guidance. Primary
elementsof the TS report include the target altitude (next level-off altitude or
commandedholdingaltitude)andtargetheadingor trackangle(dependingonwhether
theaircraftis controlledto air-referencedheadingorground-referencedtrackangle).

(3) ADS-Bsystemswill needexpansionto betterreflectlonger-termintent,i.e.beyondthat
representedby nextandnext+l TCPs.Someoperationalconceptsenvisionedfor ADS-B
couldrequiretrajectorypredictiontimesin excessof tenminuteslook-aheador longer.7
Moreover,trajectorychangesmayoccurquite frequentlyin theterminalareaandmore
TCPsare requiredthan in en route applicationsfor short-termseparationand flow
planning. Thesechangesarealsoconsistentwith recentlyformulatedEurocontrolADS-
B requirements.8 TheTC reportincludesdatamanagementprovisionsto handleatleast
4 TCPs.

The ADS-B intent revisionssummarizedin this documentaddressthe aboveissues. The
resultingintent specificationsareintendedto be abasisfor DO-242Aimplementation,andto
serveasanincrementalbasisfor futuredevelopmentof ADS-Bapplications.

2 Scope of DO-242AIntent Changes

One of the challenges in developing and evolving intent information for ADS-B is that most

current aircraft avionics, including many advanced digital FMS-based systems, do not output

much intent information on avionics buses for downstream use by avionics other than those

directly used to communicate to the pilot or to navigate, guide, or control an airplane. Changes

to the ADS-B MASPS address this situation in two ways: (1) allowing aircraft which output

some intent information to communicate such intent when appropriate through the TS report and

TC report formats, and (2) providing intent provisioning in the report formats for future

evolution and introduction of more comprehensive intent data. DO-242A provides an



incremental approach to intent broadcasting by allowing for partial broadcast of limited intent

while accommodating evolution to more comprehensive intent data on both an individual aircraft

basis as avionics systems are upgraded, and with further intent evolution anticipated in future
revisions to the ADS-B MASPS.

The newly introduced TS reports allow for broadcast of Target Altitude, and Target Heading or

Track data used for current path guidance. Since full implementation of target state data may

depend on FMS or autopilot mode information not currently available on any avionics bus, DO-

242A allows for partial implementations of target states based on information which is available

for input to an ADS-B transmit system. For example, if only autopilot-based selected altitude is

available for TS reporting, then it is allowed to broadcast such information with appropriate

status indicators, even if the aircraft's next intended level off altitude may be an unknown FMS

target value. However, the fact that the aircraft is only capable of broadcasting selected altitude

and autopilot modes is transmitted in the TS report, to avoid interpreting selected altitude as the

probable next level-off state.

The TC reports introduced in DO-242A consist of a number of horizontal and vertical flight

segment and TC types which are commonly used, have standard segment and TCP parameters,
and are available as potential outputs on an AR1NC data bus, e.g. the 702A trajectory bus. 9 The

horizontal flight segment types include Course-to-Fix (CF), Track-to-Fix (TF), and Direct-to-Fix

(DF) leg types, and Fly-By and Radius-to-Fix (RF) turn segments. (See Section 8 for further

explanation of these leg types.) Fly-over turns can also be modeled by appropriate use of the

above leg types in conjunction with a DF or TF flight segment to model the turn transition to a

specified end-fix. The vertical flight segments include initial climb to Top-of-Climb, flight at

cruise altitude to Top-of-Descent, i.e. start of the descent phase, and some level-off transitions.

In addition, target altitude as the intended end of a vertical transition is allowed as a TCP.

RNAV systems that only output 2-D TCPs are also allowed, i.e. the vertical TCP components are
marked as "not-available".

Some parameters and leg types that are important for intent broadcast and are not currently

available as inputs on a data bus, or are not sufficiently developed, are provisioned in the TS

report and TC reports, but are not fully implemented in DO-242A. Broadcast space is allocated

for these elements, but manufacturers are not required to support them at this time. This

provisioning should facilitate an easier path to implementation as future research demonstrates

their utility in an operational environment. Examples of provisioned elements include

operational intent validity (used for conformance monitoring), altitude constraint parameters

("At" and "At and Above/Below"), and leg parameters such as turn radius which may not be

available for some RNAV / Lateral Navigation (LNAV) systems. The validity data would

provide guidance system status for TS report target values, and navigation system conformance

for TC reports and are considered essential for critical separation assurance applications. Current

FMS / Vertical Navigation (VNAV) systems provide the ability to specify altitude constraints at

specified waypoints or fix locations which may constrain the FMS planned vertical trajectory.

Broadcasting of such constraints is important for predicting vertical trajectory level-offs and

changes in vertical path to meet such constraints. However, these constraint points are not

generally available from FMS systems, and are not available on an AR1NC data bus today.

Consequently, these parameters and leg types are to be provisioned for later version ADS-B

MASPS adoption.



3 Short and Long-term Intent

Target State (TS) reports are implemented in DO-242A in order to provide information about the

aircraft's active flight segment. The active flight segment refers to the current path and

automation states being used for aircraft guidance and control. The primary elements of the TS

report include the target altitude and target heading or track angle for the active flight segment.

This information is called short-term intent. TS reports provide these intent elements even in

cases where no TCP exists or TCP information is only partially available. Long-term intent

includes information about TCPs and connecting flight segments, and is provided in a series of

Trajectory Change (TC) reports. Both short and long-term intent are considered necessary for
certain free flight operating environments. 2

Figure 1 shows the relationship between information provided in TS reports and TC reports for

an aircraft flying a simple trajectory between FMS/RNAV waypoints. The target track to

waypoint ABC and the target altitude for the active flight segment are provided in the TS report.

Three TC reports give information on waypoints ABC, DEF, and GHI. Note that this figure only

represents one type of trajectory. Other trajectory types and the information used to fill the TS

report and TC reports (if available) are described in the following sections.

,j,,,ol.,i,,llll, ...... ......... ..... ...°,,,,°,

........";:'"i,Bc oEF...............,
....... A A "".._

/ FMS/RNAV Waypoints

,_ _ TS Reoort Information
........ TC Reoort Information

Figure 1. TS and TC Report Information

A 2000 FAA-Eurocontrol sponsored Technical Interchange Meeting (TIM) on intent information

included a recommendation in its outbriefing to, "Study the relationship between aircraft control

loops and intent parameters. ''1° This recommendation is important, in part, because the amount

of intent information available for data exchange depends strongly on the transmitting aircraft's

current control state and equipment. These relationships were evaluated in several Boeing 777
simulator sessions and through a review of Airbus vertical flight modes. 11 The TS and TC

reports are designed to take advantage of intent information available when aircraft are operated

in either simple or complex control states.

The three primary control states, referred to here as manual (no flight director), target state, and

trajectory, are shown in Figure 2. With each additional outer loop, it is possible for an aircraft to

communicate more information about future states and flight segments. While operating with

target state control, one commanded state is available for the horizontal and vertical axes. The

TS report provides these states in the form of target altitude and target heading or track angle. In



the outermost loop corresponding to trajectory control, the aircraft has knowledge of multiple

TCPs and connecting flight segments. TC reports provide this information. In the trajectory

control state, the TS report provides target state information corresponding to the active flight

segment.

Most commercial aircraft have several flight modes corresponding to the target state and

trajectory control states shown in Figure 2. Flight modes are normally selected through the

Mode Control Panel (MCP) or Flight Control Unit (FCU). They include choices such as hold

current heading, hold current altitude, and maintain track between FMS/RNAV waypoints. The

pilot can concurrently choose lateral and vertical flight modes that correspond to different

control states, leading to different intent availability in the horizontal and vertical axes.

Horizontal and vertical flight commands may be generated for manual flight using a flight

director display mode, rather than through direct autopilot commands. No distinction is made

between flight director and autopilot operation, since this information cannot be differentiated

from ADS-B output reports.

Trajectory
Control

(TC Reports)

Flight Plan
Commands

Target State
Control

(TS Reports)

Mode Control Panel/

Flight Control Unit
Cor

Pilot

State Manual
Commands Control

Manual I
(no FD)

, Control

rols Displays

FD: Flight Director

1
Flight

Management

System

Longer Term Trajectory Information Available

Autopilot/FD _. AircraftAutothrottle

I Current State 1

Current Path

Figure 2. Aircraft Control States

Figure 2 shows typical equipment available on transport category aircraft that is capable of

providing the associated information. Other flight hardware may also be able to generate this

information. More sophisticated equipment is needed to transmit outer loop intent, although

inner loop information on current target states may be difficult to transmit for older analog

aircraft. An MCP or FCU is the primary interface between the pilot and autopilot when not



operatingin FMSautomatedmodes.Theseinterfacesallowthepilot to selecttargetstatessuch
asaltitude,heading,verticalspeed,andairspeed.Sinceonlythenexttargetstateis allowedin
eachaxis,pilotsoftenusetheMCPor FCUfor short-termtacticalflying. Conversely,theFlight
ManagementSystem(FMS)allowsthepilot to specifyaseriesof targetstatesor flight segments
througha keypad-basedControlDisplayUnit (CDU). A pilot mayprograman entireroute
completewith multiplewaypoints,speed,altitude,and time restrictions,and specifydesired
speedandaltitudeappropriateto thecurrentflight segment.BecausetheFMSallowsdefinition
of consecutiveflight segments,it is frequentlyusedfor long-termstrategicflying.

Complexpathsmaybe createdwhenanaircraft'strajectoryis generatedwith bothMCP/FCU
andFMStargets.Sucha situationcanoccurwhenthelateralandverticalmodescorrespondto
different control states,when FMS-basedmodesare armedprior to activation,or when an
autopilottargetvalueaffectsanFMSplannedtrajectory.Thelattercaseis mostcommonwhen
theMCP/FCUselectedaltitudeliesbetweentheaircraft'scurrentaltitudeandtheprogrammed
FMSaltitude,i.e.cruisealtitudeor altitudeconstraint.In this case,theaircraftwill leveloutat
theselectedvalue,i.e.selectedaltitudeactsasalimit valueontheplannedclimbor descent.

Both short(TSreport) and long-term (TC report) intent information offer a potential benefit to

airborne conflict management, separation assurance, surveillance, flight plan consistency, and

conformance monitoring applications. Short-term intent is available in almost all flight modes,

while 4D TCPs are only available when equipped aircraft are using sophisticated FMS and

RNAV systems. The newly defined TS report enables aircraft with less complex automation

systems and aircraft operating with target state control to exchange available intent with nearby

aircraft and ground stations. This capability should help facilitate the NASA DAG-TM goal of
providing benefits to National Airspace System users having a wide variety of aircraft equipage)

4 Target State (TS) Reports

Short-term intent parameters are assembled in the TS report shown in Table 1. The first three

elements of the TS report: Participant Address, Address Qualifier and Time of Applicability are

common to all ADS-B reports. Each aircraft has a participant address that is unique from other

air vehicles in the same operational domain. This address enables the receiving system to

correlate messages received from transmitting air vehicles. The address qualifier denotes the

type of address used to identify the transmitting air vehicle (24-bit ICAO address or other).

Receiving systems update the time of applicability as new ADS-B messages are received. The

time of applicability represents the time in which the reported values are valid.

The principal elements of the TS report are the Target Altitude and Target Heading or Track
Angle. These parameters represent the transmitting aircraft's vertical and horizontal target states

and will also be included in the TC report if they are part of a TCP. In order to provide a target

state value, aircraft must be equipped with an autopilot or flight director that controls the axis

consistent with the target value. The flight director must be on or the autopilot engaged while

target state values are broadcast.

Target Heading is provided if the aircraft is actively being controlled to an air-referenced

heading angle (such as when operating in a Heading Select or Heading Hold mode). Target



Track Angle is used if the aircraft is controlled to a ground or inertial-referenced track angle,

such as when flying between waypoints on a flight plan. The Target Heading�Track Indicator

specifies whether the aircraft is controlled to a heading or track angle. A bit is reserved for

Target Heading�Track Capability. This field will indicate whether or not the transmitting

aircraft has the capability to provide the horizontal guidance target. If implemented, it will allow

aircraft unable to determine target heading or track angle as defined above to provide appropriate
substitutes.

Target Altitude is the aircraft's intended level-off altitude if in a climb or descent, or the

aircraft's current intended altitude if it is being commanded to hold altitude. This definition is

consistent with that adopted by the European Downlink of Airborne Parameters (DAP)
program. 12 When determining target altitude, lower capability aircraft may not be able to

consider all aircraft systems supporting vertical guidance. These aircraft may broadcast autopilot

selected altitude or holding altitude as a substitute for target altitude. The Target Altitude

Capability field indicates the transmitting aircraft's ability to determine target altitude. The

Target Altitude Capability can be used by the receiving ADS-B sub-system to assess the target

altitude integrity. Receiving systems should consider that the target altitude field, for aircraft

having less than full target altitude capability, may not contain the target altitude as defined
above.

Target Altitude Type indicates whether the target altitude is an MSL altitude or a flight level. It

is assumed that the local transition level is known to the transmitting aircraft and that the target

altitude is MSL or a flight level depending on whether the target altitude is below the transition
altitude or not.

Horizontal and Vertical Data Availability status is combined with the respective Horizontal and

Vertical Target Source Indicators. If these fields are non-zero, then target heading or track

angle and target altitude are being reported and those reports are filled with currently relevant

information. (Note: if TS report intent data is not received within a specified 'coast time', then

those data fields not recently updated are marked 'not available').

The target source indicators specify the aircraft system providing the corresponding horizontal or

vertical target state. Options include the FMS/RNAV, MCP or FCU selected values, or holding

the aircraft's current state. In cases where the aircraft is acquiring a target altitude common to

the MCP/FCU and FMS, the vertical target source indicator should declare the target to be the
latter.



Table 1. Target State Report

TS Report Contents
Element #

1 Participant Address
ID

2 Address Qualifier

TOA 3 Time of Applicability

Horizontal Data Available and
4a

Horizontal Target Source Indicator
Horizontal 4b Target Heading or Track Angle

Short 4c Target Heading/Track Indicator

Term 4d (Reserved for Heading/Track Capability)
Intent

4e Horizontal Mode Indicator

4f (Reserved for Horizontal Conformance)

Vertical Data Available and
5a

Vertical Target Source Indicator
Vertical

5b Target AltitudeShort
5c Target Altitude TypeTerm
5d Target Altitude CapabilityIntent
5e Vertical Mode Indicator

5f (Reserved for Vertical Conformance)

Horizontal and Vertical Mode Indicators provide status information on whether the aircraft is

acquiring (transitioning toward) the target state or is capturing or maintaining the target. (In the

vertical plane, the FMS changes mode when 'capture' of a target altitude occurs. There may or

may not be a subsequent guidance mode change when maintaining the target altitude.) These

parameters are expected to increase integrity of predicted trajectory changes and to be useful for

trajectory conformance monitoring.

Space is reserved for Horizontal and Vertical Conformance validity. These bits would provide

indications of pilot or autopilot conformance to target values. Conformance to vertical and

horizontal target states are under consideration, but cannot be implemented in DO-242A due to

data source availability issues. These bits would determine whether the aircraft is being

controlled in the direction of its flight director or autopilot command. In addition, several bits

are reserved in the TS report for future growth.

Consider the example shown in Figure 3. An aircraft climbs at constant vertical speed toward

the MCP selected altitude of 8,000 ft while flying a constant 090 heading. TS report values for

intent elements 4 and 5, implemented in DO-242A, are provided in Table 2. Both of the targets

are resident in the MCP, as indicated by the target source indicators. Non-zero values in these

fields indicate that the target heading and target altitude are available and considered reliable.

This aircraft has the capability to fully support target altitude, as defined above. The mode

indicators show that the aircraft is maintaining the target heading and is acquiring, but has not

yet captured, the target altitude.



Velocity Vector

A
W

Target Altitude (8,000 ft)

Target Heading (090 deg)

Figure 3. Constant Vertical Speed Climb at Constant Heading to
MCP/FCU Selected Altitude

Table 2. Target State Report Elements for Figure 3

TS Report
Element # Contents Example Values

Horizontal Data Available and MCP Selected
4a

Horizontal Horizontal Target Source Indicator Heading

Short 4b Target Heading or Track Angle 090 deg

Term 4c Target Heading/Track Indicator Target Heading

Intent 4e Horizontal Mode Indicator Capturing/

Maintaining

Vertical Data Available and MCP Selected
5a

Vertical Vertical Target Source Indicator Altitude

Short 5b Target Altitude 8,000 ft

Term 5 c Target Altitude Type MSL

Intent 5d Target Altitude Capability Full Capability

5e Vertical Mode Indicator Acquiring

In another example, the aircraft in Figure 4 is turning to join a 040 course (track) to the ABC

waypoint. It is holding its current altitude (15,000 ft). TS report values are provided in Table 3.

The target source indicators show that the target track comes from the FMS, while the target

altitude is the MCP selected altitude. Horizontal and vertical target states are available and

considered reliable. As shown by the mode indicators, the aircraft is acquiring the horizontal

target and maintaining the vertical target. Mode indicators show that horizontal and vertical

target information is available.



Target Altitude (15,000 ft)

040 Course (Track)

to Waypoint
Waypoint

\
Velocity Vector

ABC DEF
090 Track

FMS/RNAV Waypoints

Roll-out Point

Figure 4. Intercept Course to FMS Flight Plan at Constant Altitude

120 Track

3

GHI

Table 3. Target State Report Elements for Figure 4

TS Report Contents Example Values
Element #

Horizontal Data Available and
4a FMS/RNAV

Horizontal Horizontal Target Source Indicator

Short 4b Target Heading or Track Angle 040 deg

Term 4c Target Heading/Track Indicator Target Track

Intent Angle

4e Horizontal Mode Indicator Acquiring

Vertical Data Available and MCP Selected
5a

Vertical Target Source Indicator Altitude
Vertical

5b Target Altitude 15,000 ftShort
5c Target Altitude Type MSLTerm
5d Target Altitude Capability Full CapabilityIntent
5e Vertical Mode Indicator Capturing/

Maintaining

5 Trajectory Change Point (TCP) Definition

Further investigation into the many types of TCPs that can occur along an operational trajectory
has led to a revised TCP definition for DO-242A. The new definition accommodates TCPs that

do not occur at a known 3D position in space. Many flight segment changes occur when certain

trajectory conditions are met, rather than at defined points in space. For example, an aircraft

may be climbing in a constant vertical speed mode towards a target altitude (Figure 3). In this
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case,theconditionfor changingtrajectoryis basedoncapturingthetargetaltitudeandnot on
arrival at a definedpoint. Thepredictedlocationaccuracyof theseTC typesmay dependon
unknownwind conditionsandchangingaircraftperformance.An analogouslateralsituation
mayoccurwhenanaircraftfliesat constantheadingto interceptaflight planroute(seeFigure
8). In this case,the first TCP occurswheninterceptingthe track to the next FMS/RNAV
waypoint. The interceptlocation is also dependenton wind parametersthat may not be
accuratelyknown.

Thefollowing TCPdefinitionhasbeenadoptedto accommodatepredictionuncertainties:"A
tra/ectory chan_e point (TCP) is a point where an anticipated change in the aircraft's velocity

vector will cause an intended change in trajectory." The change in trajectory may be either a

change in path or a change in speed. Examples of TCPs under this definition include 2-D

routing changes, the start and end points of a specified turn transition, FMS predicted Top of

Climb and Top of Descent points, and target altitudes such as MCP selected altitude when

currently in climb or descent transitions. A full list of TC types included in DO-242A is

provided in Section 8. Future revisions may add additional TC types that meet this definition.

In addition to TCPs, points involving an altitude constraint (At, At or Above, or At or Below) are

provisioned for future revisions into the TC report, even if they may not involve a trajectory

change. These points influence trajectory predictions even if no level off occurs at the altitude

constraint, and provide value for conformance monitoring applications.

6 Command and Planned Trajectories

A distinction is necessary between intent information that is actively used for aircraft guidance

and control and other programmed targets residing within the automation system that are

currently inactive. These types of intent are classified as the aircraft's command and planned

trajectories, respectively. Command intent is considered most reliable for short-term trajectory

predictions,13 whereas planned intent may give valuable insights into a pilot's long-term strategic

plan. NASA's AATT program is currently investigating various conflict alerting strategies that

leverage both command and planned trajectory information.

The command trajectory refers to the path the aircraft will fly if the pilot does not engage a new

flight mode nor change the targets for the active or upcoming flight modes. The command

trajectory may include multiple flight mode transitions. Changes to the command trajectory

normally result from a pilot input. However, a non-programmed mode transition may also occur

that causes the aircraft to leave the command trajectory, e.g. reversion to speed priority on

descent if the intended vertical path results in an over-speed condition.

The planned trajectory includes intent information that is conditional upon the pilot engaging a

new flight mode. Without pilot input, the aircraft will only fly toward the command trajectory

targets.

Figure 5a illustrates the difference between the command and planned trajectories for a simple

descent scenario. In this case, the aircraft is flying a lateral and vertical FMS path that includes a

planned altitude level off at the End of Descent (E/D). The MCP/FCU selected altitude lies

11



betweenthe aircraft's currentaltitudeand the E/D. Assumingthe pilot doesn'tchangethe
aircraft'sflight modeor targets,theaircraftwill fly ontheFMSdescentpathuntil reachingthe
selectedaltitudeandthenleveloff. Thispathis thecommandtrajectory. If thepilot resetsthe
MCPtargetat orbelowthe E/D altitudeprior to reachingtheselectedaltitude,theaircraftwill
continueto fly alongtheFMSdescentpathandwill leveloutat theE/D. TheprogrammedFMS
path beyond the selectedaltitude representsa plannedtrajectory. In today's operational
environment,selectedaltitudetypically indicatesanATC clearancealtitude. In this case,the
pilot may chooseto fly directly to the end of descentas soonasa clearanceto theplanned
altitudeisreceived.

Constant 090 Track throughout Descent

Top of
FL350 JDescent (I)

MCPIFCU Selected Altitude (15,000 ft)

MCPIFCU Altitude.../_...

Level-off (2) ""........

""..._ Altitude Constraint (3,000 ft)Command Trajectory
Planned Trajectory J

Waypoint ABC
(End of Descent)

(3)

Figure 5a. FMS Descent with Intermediate MCP/FCU Selected Altitude

The command trajectory represents the active guidance targets used by the aircraft. It is
therefore considered to be the most reliable source of trajectory intent. 13 Because the command

trajectory normally conveys a higher level of path integrity, additional constraints are imposed

on TCPs labeled as "command". The following conditions must be met for command TCPs:

1. The transmitting aircraft can determine that a TCP is part of the command trajectory, as

defined above, and

2. The transmitting aircraft can determine that it is broadcasting all TCPs between the aircraft's

current position and the corresponding TCP.

Unless the transmitting aircraft can meet these conditions, the command/planned flags in the TC

report must be set to "planned". The determination of "command" versus "planned" must

consider flight mode logic and targets resident in all auto-flight systems that support aircraft

guidance. Command/planned status for the horizontal and vertical trajectories is considered

independently (see Section 7).
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Separationassuranceapplicationswill likely emphasizethecommandtrajectorywhenpredicting
andresolvingtraffic conflicts. In somecases,theplannedtrajectorymaybevaluablefor
situationawarenesswhenachangetothecommandtrajectoryis anticipated.Thissituationmay
becommonin caseswheretheaircraftis flying apublishedarrivalroute. Considertheexample
shownin Figure5b. TheaircraftfliesalongalateralandverticalFMSpathcontaininga
waypointaltitudeconstraint(XYZ)betweenthetopandendof descentpoints. Followinga
commonprocedure,theflight crewsetstheMCPSelectedAltitudeto thealtitudeconstraintat
XYZ (15,000ft). Withoutfurtherpilot input,theaircraftwill remainlevelat 15,000ft after
passingXYZ. Thispathdefinesthecommandtrajectory. In orderto stayontheFMSdescent
path,thecrewmustresettheMCPselectedaltitudebelow15,000ft priorto reachingXYZ. If
thecrewintendsto continueontheverticalFMSdescentpath,thecommandtrajectorymaynot
reflectthecrew'slong-termintentions. Separationassuranceandflowmanagementapplications
maybenefitby consideringbothcommandandplannedtrajectoryinformation.

Constant 090 Track throughout Descent

m

mmmmmmmmm

Top of
FL350 _ Descent

MCP/FCU Selected Altitude (15,000 ft)

jw _..
Level-off Point J ""...

Waypoint XYZ with ".....

Altitude Constraint "',,,®....A.I.t.it.u.de. Co.ns!.ra!n!.!3,000 ft)

/
Command Trajectory Waypoint ABC

Planned Trajectory (End of Descent)

Figure 5b. FMS Descent with MCP/FCU Selected Altitude = FMS Target Altitude

The receiving system can use the horizontal and vertical command/planned flags in the TC report

described below to determine whether a broadcast TCP is part of the aircraft's command or

planned trajectory.
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7 Trajectory Change (TC) Reports

Trajectory Change reports replace the TCPs defined in DO-242. They provide an expandable

structure capable of describing TCPs, waypoint constraints, and the flight segments that connect

them. One TC report is provided for each TCP or waypoint constraint. Many additional

elements have been added to the DO-242 TCP report to facilitate path re-generation, data

confidence assessment, and conformance monitoring. Some of the new parameters have been

added to be consistent with AR1NC trajectory bus specifications as reflected in Eurocontrol ADS

Requirements. 8

Table 4 shows the TC report structure. Not all elements are fully implemented in DO-242A, but

are included to show planned expansion as data becomes available. TC report fields are filled

based on information availability aboard the transmitting aircraft and the TC type.
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Table 4. Trajectory Change Report

TC Report Contents
Element #

1 Participant AddressID
2 Address Qualifier

TOA 3 Time of Applicability

TC Report # 4 TC Report Sequence Number

TC Report 5a TC Report Cycle Number

Version 5b (Reserved for TC Management
Indicator) 1

TTG 6 Time to Go (TTG)

Horizontal Data Available and
7a

Horizontal TC Type
7b TC Latitude

7c TC Longitude
Horizontal 7d Turn Radius
TC Report

Information 7e Track to TCP
7f Track from TCP

(Reserved for Horizontal
7g Conformance Flag) 1

7h Horizontal Command/Planned Flag

Vertical Data Available and
8a

Vertical TC Type
8b TC Altitude 2

8c TC Altitude Type
Vertical 8d (Reserved for Altitude Constraint Type) 1

TC Report

Information 8e (Reserved for Able/Unable
Altitude Constraint) 1

8f (Reserved for Vertical
Conformance Flag) _

8g Vertical Command/Planned Flag

Only applies to active flight segment.
2Altitude estimate or altitude target, e.g. cruise altitude.

The first three elements of the TC report: Participant Address, Address Qualifier and Time of

Applicability are common to all ADS-B reports. Time of applicability and Time to Go (TTG)

are updated each time a TC report is output. See Section 11 for a discussion of TC report

"refreshment" when TC report intent information is not currently received.

The next three elements are parameters used for TC report maintenance and data refreshment,

i.e. updating a TC report to the current time of applicability when no new data is received. TC

Report Sequence Number is the current sequence of TCPs for reconstructing the flight trajectory,
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i.e. TCP+0,TCP+I, TCP+2,TCP+3,respectively.TC Report Cycle Number is a 2 bit code

which increments whenever a major change in TC report intent occurs, such as sequencing the

current TCP. See Section 11 for a detailed explanation of TC report cycle number and TC report

updating and maintenance. Space is reserved for the TC Management Indicator. This field will

specify how multiple TC reports are managed when there is a major change in intent.

Management of multiple TC reports is described in Section 11, but is deferred for later MASPS
revisions.

All TC reports should have a unique sequence number, a common time of applicability and a

common TC report cycle number at each report time. Intent data not updated within the coast

time specified in Section 10 are marked 'not available' and are not to be used until new intent
data is received.

Time to Go (TTG) is a required element for all TC reports. It indicates the remaining time to the

next TCP. TTG can be added to the time of applicability to determine the estimated time of
arrival at the TCP.

Horizontal and Vertical Data Availability status is combined with the respective Horizontal and

Vertical TC Type fields. If these fields are non-zero, then horizontal and vertical trajectory

change information is being reported and those reports are filled with currently relevant

information. (Note: if TC report intent data is not received within a specified 'coast time', then

those data fields not recently updated are marked 'not available'). The associated horizontal and

vertical data fields should not be used if they are reported unavailable.

The TC Type fields specify the flight segment and endpoint change type. Both a horizontal and a

vertical TC type are included to aid interpretation of the data elements for constructing path

segments. In addition, it is feasible to have both a routing change and a vertical change or

constraint at the same waypoint. The TC type fields specify the way that the data received is to

be interpreted, i.e. which elements are required for constructing the flight segment and endpoint

conditions. Example TC types are fly-by waypoint, direct-to-fix, and RF leg (lateral cases) and

top of climb, top of descent, and target altitude (vertical cases). Section 8 describes the TC types

included in DO-242A. Other types, including waypoint constraints, may be added to future
revisions.

The availability of TC Latitude and TC Longitude data depends on the transmitting aircraft's

operating mode and equipment capability. These elements are provided if they are associated

with a known waypoint or can be estimated by the FMS. These elements will have varying

accuracy depending on TC type. When using FMS lateral and vertical navigation, TCPs

associated with waypoints can be estimated with high confidence. For TCPs which do not

involve closed-loop control, such as top of climb, top of descent, or path intercepts, the latitude,

longitude and time elements have higher uncertainty. Low integrity latitude/longitude

predictions such as the "green arc" on Boeing aircraft that predicts altitude level-offs for MCP

modes are not required, but TTG is required for any vertical TCP. These predictions can vary

greatly if they do not compensate for wind and aircraft performance.

Figures 6 and 7 show the information needed for fixed radius and fly-by turns (Track to TCP,

Track from TCP, and Turn Radius'). Fixed radius turns include turn radius and start and end of
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turn points. Fly-by turns can also be describedin this manner,however the alternate
representationin Figure7is acceptableif theaircraftcannotprovidestartandendof turnpoints.
In this case,thefly-by turn waypointis provided,alongwith thetrack to andtrack from that
point andtheturnradius. Fly-overturnsarerepresentedin DO-242AasaDirect-toorCourse-to
transitionto the specifiedendpoint. For otherhorizontalTCPs,only thetrack to theTCP is
provided.

Start of Turn Turn Radius End of Turn

(TCP) _(YCP+l)

Trackto TU "_ack from TCP+I

Fly-by
Waypoint

Trackto TCP......_ .....Track from TCP
o...o _s B_le,

Points_

Turn Radius

Figure 6. Fixed Radius or Fly-by Turn Figure 7. Fly-by Turn

Space is reserved for Horizontal and Vertical Conformance validity. These flags assess the

conformance of the transmitting aircraft to its broadcast path. It is anticipated that future

revisions may use horizontal and vertical RNP bounds to specify trajectory conformance. The

conformance flags would broadcast the ability of the aircraft to conform to the specified

trajectory bounds. For non-RNP aircraft, other measures of conformance may be specified.

The Horizontal and Vertical Command�Planned Flags delimit whether the flight segment and

TCP is part of the command or planned trajectory (see description in Section 6). Successive

TCPs or altitude constraint points that are part of the command trajectory should be ordered as

they are expected to occur, i.e. by TTG. In cases where time to go cannot be determined, no TC

report is generated. If there is space available for additional points, planned TCPs can be

included, but they should be placed at the end of the TCP list.

TC altitude fields include TC Altitude, TC Altitude Type, Reserved for Altitude Constraint Type,

and Reserved for Able�Unable Altitude Constraint. TC Altitude is the estimated or constraint

altitude at the TCP, depending on vertical TC type. TCAltitude Type specifies whether the TCP

altitude is referenced to MSL or Flight Level. The Altitude Constraint Type and Able�Unable

Altitude Constraint are provisioned for future use. These elements can be used to indicate the

type of altitude constraint ("At", "At or Above", "At or Below") and the transmitting aircraft's

assessment of its ability to meet the altitude constraint. Altitude constraints may or may not be

associated with a trajectory level off, since the aircraft may be able to comply with the constraint

without changing its trajectory. In the case that "window" constraints are specified, i.e. both

"At or Above" and "At or Below" altitudes are specified; only one window constraint is

reported. (See Section 8.) Future DO-242 revisions may further expand TC reports to include

speed and time constraints. NASA's AATT program is currently investigating autonomous

flight operations in a constrained environment, such as those that may occur just outside a
terminal area. 7 These restrictions could include combinations of speed, altitude, and time

constraints. Note that the "able / unable" altitude constraint flag is different than the vertical
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conformanceflagsincetheformerappliesatasinglepointandthelatterto anentirevertical
segment.

Figures4 and 5 (5a and 5b) are examplesof horizontal and vertical FMS trajectories,
respectively.The filled TC reportelementscorrespondingto Figures4 and5a aregivenin
Tables5 and6,respectively.NotethatDO-242AdoesnotsupportmultipleTCreports.Bothof
theseexamplesshowhow the TC reportswould be filled for fully equippedaircraft ableto
supporteachelementimplementedin DO-242A. It is expectedthatmanycurrentaircraftwill
not havethesefull capabilities,howevertheseexamplesareprovidedin orderto illustratethe
applicationof a wide rangeof DO-242A dataelements. Figure8 showsa morecomplex
trajectoryinvolvingMCP/FCUandFMStargets. Tables7aand7boffer a comparisonof TC
reportsfor Figure8providedby fully andpartiallyequippedaircraft,respectfully.

Figure4 showsan aircraft turningto join a 040 courseto waypointABC, followedby two
routingchangesat DEF andGHI. Therollout point is not consideredto be a TCP,sincethe
intendedpathis aCourse-to-ABCsegment.After rollingout,it will join theFMSflightplanand
fly to waypointsDEF andGHI. Thisexampleis flown at a constantaltitudeof 15,000ft. All
latitudeandlongitudefieldsarefilled sinceall TCPsin this exampleareFMSwaypoints.The
aircraftisholdingits selected15,000ft altitude,which isrepeatedfor eachTCP. Theendof the
CFsegmentis thestartof theFly-ByTurn,whichis representedimplicitly by theABC waypoint
andFly-Byturnradius. (In effect,theFly-By TurnTCreportimplicitly representsboth theCF
track-toABC segmentandtheFly-By Turnat ABC to thenextTF segment.)Thestraightline
andturn segmentsfor the otherFly-Byturnsaresimilarlyrepresentedimplicitly, reducingthe
numberof TCreportsto representtheintendedpath.

Table5.TrajectoryChangeReportElementsfor Figure4

Element # Contents TC+0 Report TC+I Report TC+2 Report

Values (TCP 1) Values (TCP 2) Values (TCP 3)

4 TC Sequence Number 0 1 2

5a TC Cycle Number 1 1 1

5b (Reserved) * * *

6 Time to Go (TTG) TTG-ABC TTG-DEF TTG-GHI

Data Available and

7a TC Type (Horizontal) CF and Fly-By TF and Fly-By TF and Fly-By

7b TC Latitude LatitUdeABc LatitUdeDEv Latitude_i_i

7c TC Longitude LongitudeABc LongitudeDEv Longitudeom

7d Turn Radius RadiusaBc RadiUSDEv Radius_m

7e Track to TCP 040 deg 090 deg 120 deg

7f Track from TCP 90 deg 120 deg Track from GHI

7g (Reserved) * * *
7h Command/Planned - H Command Command Command
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DataAvailableand
8a TCType(Vertical) TargetAltitude TargetAltitude TargetAltitude
8b TC Altitude 15,000ft 15,000ft 15,000ft
8c TCAltitudeType MSL MSL MSL
8d (Reserved) * * *
8e (Reserved) * * *
8f (Reserved) * * *
8g Command/Planned- V Command Command Command

• Reservedfor FutureMASPSRevisions

In Figure5a,theaircraftis flying in cruiseat FL350,approachingthetop of descent.TheFMS
cruisealtitudeprovidestheverticaltargetsource.It hasasingleFMSaltitudeconstraintat End
of Descent(crossABC at3,000ft). TheMCPaltitudeis setto anintermediatevalueof 15,000
ft. Sincetheaircraftis limitedby MCP altitude,it will leveloff at 15,000ft, giventhecurrent
automationstate.Thispathis thecommandtrajectory.If thepilot resetstheMCPaltitudeprior
to reaching15,000ft, the aircraftwill continuetowardthe Endof Descentat ABC. ABC is
includedasa plannedtrajectorypoint. It hasaknown3D locationandtheFMStimeestimate
maybeprovided.

Table6. TrajectoryChangeReportElementsfor Figure5a

Element # Contents TC+0 Report TC+I Report TC+2 Report

Values (TCP 1) Values (TCP 2) Values (TCP 3)

4 TC Sequence Number 0 1 2

5a TC Cycle Number 0 0 0

5b (Reserved) * * *

6 Time to Go (TTG) TTG-TOD TTG-MCP_ALT TTG-ABC

Data Available and
7a Course-to-Fix Course-to-Fix Course-to-Fix

TC Type (Horizontal)

7b TC Latitude LatitudesoD Estimate LatitudeABC

7C TC Longitude LongitudesoD Estimate LongitudeABC
7d Turn Radius X X X

7e Track to TCP 090 090 090

7f Track from TCP X X X

7g (Reserved) * * *
7h Command/Planned- H Command Command Command
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DataAvailableand
8a TC Type(Vertical) Top-of-Descent TargetAltitude TargetAltitude
8b TCAltitude 350 15,000ft 3,000ft
8c TC AltitudeType FlightLevel MSL MSL
8d (Reserved) * * *
8e (Reserved) * * *
8f (Reserved) * * *
8g Command/Planned- V Command Command Planned

*Reservedfor FutureMASPSRevisions
"Estimate":Elementcontentsfilled with FMSlat/longestimates,if available.

TheTCreportprovidesflexibility for accommodatingdifferentTC typesandvaryingamountsof
informationavailableonboardthetransmittingaircraft. TheTC reportstructureshownin Table
6 representsfull reportingcapability.Manyaircraftmaynotbeequippedto supportall of these
dataelements

Thefollowingconditionsgovernthedeterminationof TCreportbroadcastfor eachTCP. These
conditionscanbeappliedindependentlytothehorizontalandverticalaxisparameters:

. If the transmitting aircraft does not have an autopilot or flight director engaged, then no TC

reports are generated. If the aircraft only supports a single axis autopilot or flight director,

then the complementary axis data fields for TC reports are marked "unavailable".

. A stable TTG must be obtained prior to generating intent messages for TC reporting. A TTG

value is considered "stable" if the estimated TTG, based on past information, is consistent

with the current TTG value, i.e. the difference between the estimated and current TTG value

is less than some threshold value. Specific rules for TTG stability will be determined during

TC report format validation testing.

Figure 8 and the associated tables (7a and 7b) show one application of these conditions and the

command/planned logic described in Section 6. In this example, the aircraft flies a 030 heading

to intercept a lateral FMS path (TCP #1) consisting of waypoints ABC (TCP #2) and DEF (TCP

#4). The aircraft also climbs at constant vertical speed and levels off at FL210 (TCP #3). Tables

7a and 7b show TC reports for Figure 8 provided by a fully equipped aircraft (able to support all

DO-242A elements) and one considered to represent an early (partially equipped) glass cockpit

aircraft, respectfully.

The fully equipped aircraft (Table 7a) provides FMS estimates for the latitude and longitude at

the intercept point and MCP level off. Altitude estimates are provided at waypoints ABC and

DEF. Since heading legs are not supported in ARINC 702A, the track to path intercept must be

estimated using the current track. The aircraft will join the planned path with a fly-by turn.
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Figure 8. Constant Vertical Speed Climb and Constant Heading to Intercept an FMS Flight Plan
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Table 7a. Trajectory Change Report Elements for Figure 8 (Fully Equipped Aircraft)

4

5a

5b

6

7a

7b

7c

7d

7e

7f

7g

7h

8a

8b

8c

8d

8e

8f

8g

TC+0 Report TC+I Report TC+2 Report TC+3 ReportContents
Values (TCP 1) Values (TCP 2) Values (TCP 3) Values (TCP 4)

TC Sequence 0 1 2 3
Number

TC Cycle Number 0 0 0 0

(Reserved) * * * *
TTG-

Time to Go (TTG) TTG-Intercept TTG-ABC MCP_ALT TTG-DEF

Data Available and TF and TF and

TC Type (Horiz) Fly-by Fly-by Course to Fix Fly-by

TC Latitude Estimate LatitudeABC Estimate LatitudeDEF

TC Longitude Estimate LongitudeABC Estimate LongitudeDEF

Turn Radius Intercept Radius RadiUSABc X RadiUSDEF
Track to TCP Current Track 090 120 120

Track from
Track from TCP 090 120 X

DEF

(Reserved) * * * *
Command/Planned

Command Command Command Command
(Horizontal)

Data Available and
Estimate Estimate Target Altitude Target Altitude

TC Type (Vertical)

TC Altitude Estimate Estimate 210 210

TC Altitude Type MSL Flight Level Flight Level Flight Level

(Reserved) * * * *

(Reserved) * * * *

(Reserved) * * * *
Command/Planned

Command Command Command Command
(Vertical)

*Reserved for Future MASPS Revisions

"Estimate": Element contents filled with FMS lat/long estimates, if available.

The partially equipped aircraft flying the Figure 8 trajectory (Table 7b) has an MCP and FMS.

The FMS cannot predict the location of the path intercept and does not provide lateral position

for the MCP level off. Target altitude in this case represents the selected altitude provided by the

TS report. Since the FMS does not support path intercepts, no TC report is provided for TCP #1

(a blank column is provided for clarity). The possibility of an intermediate horizontal TCP

requires all successive horizontal TCPs to be labeled as "planned". All vertical TCPs are

"planned" because the aircraft cannot fully determine next target altitude. For instance, it has no

means to determine if an intermediate level off (such as an altitude constraint) will occur

between the aircraft's current position and the MCP level off at FL210. (Note: TTG to MCP

level off can be estimated from estimated altitude at ABC, TTG to ABC, and climb rate, if no

FMS avionics bus gives a time estimate to MCP level off.)
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Table 7b. Trajectory Change Report Elements for Figure 8 (Partially Equipped Aircraft)

4

5a

5b

6

7a

7b

7c

7d

7e

7f

7g

7h

8a

8b

8c

8d

8e

8f

8g

No Report for TC+0 Report TC+I Report TC+2 ReportContents
Intercept Point Values (TCP 2) Values (TCP 3) Values (TCP 4)

TC Sequence 0 1 2
Number

TC Cycle Number 0 0 0

(Reserved) * * *

TTG -
Time to Go (TTG) TTG-ABC MCP_ALT TTG-DEF

Data Available and TF and TF and
Not Available

TC Type (Horiz) Fly-by Fly-by

TC Latitude LatitudeABC X LatitudeDEv

TC Longitude LongitudeABC X LongitudeDEv

Turn Radius RadiUSABc X RadiUSDEF

Track to TCP 090 X 120

Track from
Track from TCP 120 X

DEF

(Reserved) * * *

Command/Planned Planned X Planned
(Horizontal)

Data Available and

TC Type (Vertical) Estimate Target Altitude Target Altitude

TC Altitude Estimate 210 210

TC Altitude Type Flight Level Flight Level Flight Level

(Reserved) * * *

(Reserved) * * *

(Reserved) * * *

Command/Planned Planned Planned Planned
(Vertical)

*Reserved for Future MASPS Revisions

"Estimate": Element contents filled with FMS lat/long estimates, if available.
"X": Information not available.

The TC report format provides a flexible structure for accommodating aircraft with widely

varying navigation and automatic flight equipage. In addition to the partially equipped FMS

aircraft represented in Figure 7b, numerous other variations are possible. For example, many

RNAV and GPS systems only allow lateral waypoints and have no associated altitude estimate.

Capability is also provisioned in the TC report for handling additional TC types in future

MASPS revisions. As discussed above, future DO-242 revisions may include the capability to

report waypoint constraints. Altitude constraints are likely to benefit a number of applications, 4-

s,7 and space is allocated for these point types in DO-242A.
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8 Horizontal and Vertical TC Types

A limited number of basic horizontal and vertical TC types are accommodated in DO-242A of

the MASPS to enable representation of common trajectory flight segments for flight path

prediction. It is expected that future revisions of the MASPS will accommodate additional TC

types, depending on evolution of airplane avionics and on application needs, e.g. additional

lateral types such as hold patterns and additional vertical types such as waypoint altitude

constraints. Some of the TC types such as Direct-to-Fix transitions and Fly-by-Turns are needed

to represent non-precision trajectories where the inertial path over the earth is not entirely

predictable. Other TC types such as Course-to-Fix, Track-to-Fix and Radius-to-Fix turns are

needed to represent precision RNP flight legs. (In the future, intent integrity concepts may be
introduced to monitor conformance to horizontal and vertical RNP bounds. 6 This version of the

MASPS simply uses precision and non-precision TC types.) The vertical TC types include

maintain or level at a Target Altitude (which may also be represented in the TS report), and

traditional Top-of-Climb and Top-of-Descent trajectory changes. Estimated altitudes are

provided when transitioning towards a target altitude at a lateral trajectory change. Altitude

constraints are also provisioned as a future TC type.

8.1 Horizontal TC Types

8.1.1 Geodesic Path (Straight Course) to Fix Lateral Transition

The Geodesic Path to Fix transition includes both Course to Fix (CF) and Track to Fix (TF) leg

types. The lateral path is defined by a course or track angle to a 2-dimensional waypoint that

defines the endpoint TCP (see Figure 9). This TC type is typically followed by a routing change,

i.e. a Direct to Fix (DF) transition or a Radius to Fix (RF) turn. The case where a CF or TF leg

ends with a Fly-By Turn is a separate case since more parameters are needed to represent Fly-By

turn cases. From the viewpoint of the transmitting aircraft, CF and TF leg types are somewhat

different since the latter represents a transition between a "from" waypoint toward the "to"

waypoint / TCP point. However, from the receiving system viewpoint there is no difference

between a CF and a TF leg ending at a TCP, since the "from" waypoint is only implicitly

represented by the Track to TCP. Thus, both cases are combined into a single TC type. Time-

to-Go to TCP is also required in order to properly sequence this and other flight segments.

Endpoint

TCP _1_

Track to T_

Figure 9. Geodesic Path to Fix Lateral Transition
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8.1.2 Fly-By Turn Transition (Including CF or TF to Fly-By Turn Segment)

The Fly-By Turn TC report implicitly represents two flight segments, i.e. a straight segment such

as a Course-to-Fix directed toward the fly-by waypoint, and the actual fly-by turn transition to

the track-from course. Figure 10 shows the defining elements of a fly-by turn, other than turn

radius and turn center. Fly-by turns are considered non-precision leg types since the start-of-turn

point and end-of-turn points constructed using turn radius are rough estimates of turn behavior,

i.e. the actual path over earth can be substantially different due to winds and flight technical

error. However, fly-by turns save message bandwidth compared to the use of explicit TCPs for

start and end of turn segment. Required elements include the fly-by latitude, longitude and time-

to-TCP (time to fly-by point sequencing), and track-to TCP, turn radius, and track-from TCP.

Turn direction (one bit indicator) is also available for some systems and may be desirable for

ADS-B transmission, but is not required for path reconstruction. Since end-of-turn is implicit,

the TC report is sequenced when the track angle state captures the track-from TCP.

Fly-By End of
Waypoint Turn ? \

 ta to,
Turn ? //

Track-from TCP

_" _'_"" Track-to TCP-

Figure 10. Fly-By Turn Transition Showing Turn Start and Turn Endpoints

8.1.3 Direct-to Fix Lateral Transition

The Direct to Fix (DF) transition is defined implicitly as a path from the current horizontal

position and velocity to the specified endpoint TCP. The transition typically consists of an initial

turn transition to orient the velocity vector in the direction of the endpoint TCP, and a straight-

line segment proceeding directly toward the specified endpoint (see Figure 1 1). The Direct-to Fix

can be used as a means of specifying a fly-over turn toward the next waypoint, and is considered

a non-precision trajectory type since DF segments are typically not repeatable or well defined in

terms of turn behavior. Mandatory elements for the Direct-to-Fix TC report include the endpoint

latitude, longitude and estimated time-to TCP, and a track-to TCP which can be computed from

the latest reported position state vector as the direction from the aircraft position to the TCP

(assuming that DF is the active flight segment). The track-to TCP will change dynamically in
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theturntransitionphaseuntil theaircraftvelocityvectoris alignedtowardtheendpointTCP,and
thenremainsrelativelyconstantaftertheturnsegmentis completed.(Note: theDFtransitionis
backwardscompatiblewith theoriginalDO-242TCPs.)

ABC

Bearing to ABC

Direct to ABC

Path Transition

\
Velocity Vector

Figure 11. Direct to ABC Lateral Transition Example

8.1.4 Direct to Fly-By Turn Transition

The Direct-to Fly-By is a combination of a Direct-to segment followed by a Fly-By turn. The

information conveyed is very similar to the Fly-By turn transition, except for the meaning of the

track-to Fly-By component, i.e. latitude, longitude, and TTG to the fly-by waypoint are required

as well as track-to, track-from and turn radius components. If the DF to Fly-By is the active

flight segment, then track-to may be computed as the inertial bearing angle from the current

aircraft position to the fly-by waypoint. If the DF to Fly-By is preceded by an earlier TCP, then

the track-to is computed as the bearing angle from the preceding TCP to the fly-by waypoint.

However, the trajectory reconstruction process is inherently different for a DF to Fly-By

compared to a TF to Fly-By transition, since the DF transition typically includes a turn segment

to align the velocity vector toward the fly-by TCP, whereas the TF to Fly-By assumes a straight-

line trajectory from the previous waypoint or TCP. Figure 12 shows a DF to Fly-By transition.
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Velocity Vector

090 Track

Direct to ABC

and Fly-By Turn
Transition

Figure 12. Direct to Fly-By Lateral Turn Transition

8.1.5 Radius to Fix Turn Transition

The Radius to Fix (RF) turn transition describes a constant radial turn over the earth, beginning

at a turn start point that is the previous TCP and ending at the endpoint fix. Typically, RF turns

are used to describe precision trajectories consisting of CF or TF to fix geodesic path segments

and RF turn segments. Mandatory elements include the endpoint TCP latitude, longitude and

time-to-TCP, the turn radius, and the track-from TCP. Turn direction can be transmitted also,

but is not a required element. The turn center-point is constructed by first generating a line

perpendicular to the track-from direction at the fix endpoint. The turn center-point is placed

along this line segment at a distance equal to the turn radius from the endpoint fix. Care must be

taken to achieve continuity of position and velocity when transitioning from the previous TCP to

an RF turn segment. RF turns are considered a basic navigation leg type for implementing

precision RNP routings. Figure 6 shows a geodesic path to fix entry and RF turn sequence.

8.2 Vertical TC Types

8.2.1 Unknown Altitude Type

This type is to preserve backwards compatibility with the original MASPS, i.e. a 3-D TCP is

specified where the altitude value is an FMS estimate and may or may not represent one of the

specified vertical TC types below.

8.2.2 Target Altitude

The Target Altitude TC type applies to level-off targets that end a vertical transition or denote

the current maintaining altitude. This type contrasts with specific vertical transition types, such

as Top-of-Descent and altitude constraints that specify defined 3-D endpoints. Some aircraft

may be able to estimate the aircraft's horizontal position at the Target Altitude trajectory change.

Target altitude can be either an autopilot selected or an FMS target value such as selected cruise

altitude. It is considered a TCP and separately reported and sequenced with other TCPs, if the
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commandtrajectoryhas a climb or descenttransitionthat endsby levelingoff at the target
altitude. A targetaltitudeTCPcanbe differentthanthe targetaltitudein the TSreport. For
example,if the aircraft is maintainingcruisealtitudeprior to Top-of-Descentand the MCP
selectedaltitudeis setto an intermediatealtitude,thentheactivetargetaltitudeis theselected
cruisealtitude,and the next two vertical TCPsare the Top-of-Descentpoint and the MCP
selectedaltitude(seeFigure5a.). TheonlyrequiredTCPelementsforthis typearetimeto target
altitude,targetaltitude,andaltitudetype,althoughlatitudeandlongitudearedesirablewhenever
available.

8.2.3 Top of Climb (TOC)

Top of Climb is the TCP endpoint of the climb phase of flight, i.e. Top-of-Climb designates the

point where the aircraft levels off at a desired cruise altitude. Top-of-Climb is specified by

latitude, longitude, and time-to-TCP estimates, as well as the selected cruise altitude. Note, after

a TOC TCP, the next TC report contains a vertical TCP with either a target altitude (which can

be the current cruise altitude or an intended step change altitude) or the Top-of-Descent (see

below).

8.2.4 Top of Descent (TOD)

Top of Descent is the planned endpoint of the cruise phase of flight, i.e. Top-of-Descent

designates the point where the aircraft is scheduled to begin descent from cruise altitude. Top-

of-Descent is specified by latitude, longitude, and time-to-TCP estimates, as well as the selected

cruise altitude. The next TC report after a TOD should contain a Target Altitude or Altitude

Constraint vertical TCP with altitude value less than the cruise altitude at TOD. (Note: ideally

all points where a vertical transition from level flight begins should be delimited as TCPs also,

such as start-of-climb from an intermediate flight level. However, the pilot may simply use the

autopilot interface with a new selected altitude and manual engagement to start such flight

segments, or alternately may use an "At" constraint at a waypoint with FMS engagement of the

next vertical transition segment to achieve the same purpose.)

8.2.5 Estimated Altitude

If the aircraft is in climb or descent mode transitioning towards the next level-off altitude when a

lateral waypoint or TCP is sequenced, the altitude value is typically estimated by the FMS, i.e. if

the aircraft is not maintaining a target altitude or subject to an altitude constraint at the waypoint,

then the altitude value provided by the FMS is an estimated altitude.

8.2.6 Altitude Constraints (At, At and Above, At and Below)

Altitude constraints are often used in the climb and descent phase of flight to maintain separation

of departure, arrival, and over-flight traffic patterns in congested airspace. Altitude constraints

are provisioned in DO-242A, because current FMS buses may not provide such information to

external data users. Representation of altitude constraints is considered essential for future

versions of this MASPS (after Revision A), because vertical path intent is not complete until

such intent data is available. Moreover, altitude constraints are the basis for implementing
vertical RNP using altitude "window" constraints in future RNP systems. 6 Altitude constraint

28



TCPswill requirespecificationof waypointlatitude and longitude,time-toTCP, the actual
altitudeconstraintvalue,andthetypeof constraint,i.e.At, At andAbove,orAt andBelow. The
exact representationof such constraintsis currently under consideration,i.e. how to
accommodatewindowconstraintsconsistingof a simultaneousAt and Belowandan At and
Aboveconstraintat theconstraintfix. Threebits areprovisionedin DO-242Ato accommodate
futureexpansion.

9 Equipage Class Requirements

In the original MASPS, Level A0 and Level A1 equipage provides basic state vector broadcast

capability for VFR and IFR users, respectively. In addition, Level A2 equipage was defined to

support extended range ADS-B applications to at least 40 NM range and provide at least a single

TCP broadcast in order to assure the validity of trajectory predictions for several minutes look

ahead. Level A3 equipage was similarly defined to support extended range applications such as

flight path de-confliction out to 90 NM range and provide at least two TCP broadcasts to assure

continuity of trajectory predictions near the first TCP, and to achieve at least five minutes
trajectory look ahead time. 1

DO-242A equipage classes retain the concept and overall capability of Level A2 and Level A3

equipage, but revise the definitions of these equipage classes to better reflect horizontal and

vertical autopilot and RNAV capability. A minimum Level A2 ADS-B system will have the

ability to broadcast TS reports for target altitude and target heading, and at least one TC report.

The reason for requiring target altitude is to assure that a Level A2 system has some intent

capability in both horizontal and vertical axes, i.e. to support extended range predictions in both

horizontal and vertical dimensions. A minimum Level A3 ADS-B system will have Level A2

capability and the capability to broadcast multiple (up to four) TC reports. The reason for

allowing up to four TC reports, as compared with two TCPs in DO-242, is that there are several

conditions where two TCPs are insufficient to predict ahead five minutes or to 90 NM range.

Specifically, routing changes are quite frequent in the terminal area transitioning towards final

approach or on initial departure after take-off. Under these conditions, additional TCPs may be

needed to achieve desired look-ahead time for terminal area planning applications. Other

potential applications that could require more TCPs include air-ground planning applications for

en route traffic flow management 14-_6and transition between free flight air-air operations and

ATC managed traffic. 7

10 Minimum Intent Acquisition Range and Reporting Requirements

10.1 Transmission Update and Acquisition Range Requirements

DO-242 requirements on update rate for TCPs are partly implicit and are not directly related to

the functional requirements for applications, i.e. "The rate shall be sufficient to ensure

continuous positive assessment by the receiving aircraft at least 2 minutes prior to reaching the

closest point of approach for class A2 equipage (5 minutes.., for class A3)". _ In addition, TCP

update rates as a function of range are specified in Table 3-4 as equal to the coast interval for
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statevectorreports,with 95%confidenceofreception.1 Moreover,mostTCPintentdatais static
or slowlychanginguntil thetimeto TCPis imminentor theTCPpointis sequenced.

Theupdaterequirementsfor TSandTC reportsarespecified,asin DO-242,asa functionof
rangeandin termsof theupdateintervalTt: for 95%receptionprobabilityof asingleTSor TC
report. Table8 summarizesthenewDO-242Aminimumrequirementsfor updateintervalasa
functionof range. TC reportingrequirementsarenot implementedin DO-242A,but proposed
valuesarespecifiedin anappendix.It is recommendedthatTSandTCinformationbeupdated
morefrequentlyif therehasbeena recentmajor changein intent or a newly initiated intent
broadcast,e.g.therecommendedupdateintervalTt: for TS andTC reportingat 40 NM range
afteranintentchangeis 12secondscomparedto 18secondsbelow.

Table8.ADS-BUpdateRequirementsfor IntentReporting
(Minimum95%UpdateIntervalRequirementsin Seconds)

Report Type R _<20 R = 40 R = 50 R = 90 R = 120
NM NM NM NM NM

Equipage Class A2 A2 A2 A3 A3

Required Required Desired Required Desired

TS Report 12 18 23

TC Report 12 18 23 41 54

(Proposed)

Notes

(1)

(2)
(2)

Notes for Table 8:

. For a Level A2 system, 40 NM acquisition range reception is required, 50 NM is desired.

For a Level A3 system, 90 NM acquisition range reception in the forward direction is

required, 120 NM acquisition range reception forward is desired.

2. Formula for update interval (Tu) is Tu = max (12, 0.45*Range). This formula allows for up

to a 15% loss in range to update intent reports, with 95% confidence.

. Table 8 is based on an air-air en route scenario between two aircraft closing at 1200 knots,

which is considered a worst case for deriving range requirements for ADS-B conflict

alerting.

. The coast interval for report validity is two times the update interval Tu at the last reported

range for that ADS-B participant. If no new intent data is received within the coast interval
the associated data are considered invalid.

10.2 TS and TC Report Broadcast Conditions

TS reports should be broadcast whenever the ADS-B participant is a Level A2 or A3 system, the

flight director or autopilot is engaged consistent with the axis of the target states being broadcast

and when either of the following conditions apply:
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1. Targetaltitudeor an acceptablesubstitutefor targetaltitudeis availablefrom the aircraft
automationsystem,or

2. Targetheadingor targettrackisavailablefromtheaircraftautomationsystem.

Thefollowingconditionsgovernthedeterminationof TC reportbroadcaststatusfor eachTCP.
Theseconditionscanbeappliedindependentlyto thehorizontalandverticalaxisparameters:

. If the transmitting aircraft does not have an autopilot or flight director engaged, then no TC

reports are generated. If the aircraft only supports a single axis autopilot or flight director,

then the complementary axis data fields for TC reports are marked "unavailable".

. A stable TTG must be obtained prior to generating intent messages for TC reporting. A TTG

value is considered "stable" if the estimated TTG based on past information is consistent

with the current TTG value, i.e. the difference between the estimated and current TTG value

is less than some threshold value. (Specific rules for TTG stability will be determined during

TC report format validation testing.)

Given that the above conditions are satisfied, an A2 level system should, as a minimum,

broadcast TC+0 reports whenever the ADS-B participant is within 4 minutes TTG to the next

trajectory change point, or as needed to meet the acquisition range requirements for A2 equipage

as specified in Table 8. Similarly, an A3 level system should, as a minimum, broadcast TC

reports whenever the ADS-B participant is within 8 minutes TTG to the affected trajectory

change point, or as needed to meet the acquisition range requirements for A3 equipage as

specified in Table 8. (In other words, an A3 system should broadcast all TCPs within 8 minutes

TTG to the extent that is feasible for that participant.) These broadcasts should continue until the

current flight segment is sequenced or a major change in intent occurs which requires reinitiating

TC report intent broadcasts.

In addition to the above conditions for intent broadcasting, it is important for level A3 systems to

achieve continuity of intent as active flight segments are sequenced. This may be achieved with

minimum additional broadcast of TC reports by adhering to a maximum of one TC report with

TTG greater than 8 minutes. If the TTG to TC+0 report is greater than 8 minutes, then only

TC+0 reports should be provided. In the event that TTG to the first TCP (TCP+0) is less than 3

minutes, then it is desirable to broadcast a TC+I report for intent continuity, even if the TTG to

TCP+I exceeds 8 minutes. The overall objective is to achieve at least 3 minutes TTG continuity

of intent when feasible, and to prevent indiscriminant broadcast of TC reports that are not

op erationally relevant.

11 Trajectory Change Report Management

11.1 TC Report Synchronization and Refresh

It is assumed that ADS-B systems will require multiple messages to construct a complete TC

report sequence when outputting multiple TC reports. It then becomes necessary to ascertain
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that whenevera TCPis sequencedor intent informationis changed,that the TC reportsare
appropriatelysynchronizedandthatall TC reportsarecurrentlyvalid andhavethecorrectTC
sequencenumber. In orderto achievepropersynchronization,all broadcastmessagesrelatedto
TC report intent needto containsomemechanismfor validating TC reportmessagesthat
originatedtogetherasa coherentgroupof sequencedTCPdata,andfor rejectingold TC report
datathatoriginatedprior to thelatestchangesin intentinformation.

Themeansadoptedof achievingTC reportsynchronizationfor DO-242Ais to reporta two-bit
TC cyclenumberfor all TC report relatedmessages.All TC reportswhich areoutputat a
commontime of applicability shouldbe checkedto assurethat the cycle numberfor the
underlyingmessagesis currentandcommonto all TCreports,i.e.anyintentdatawhichcontains
anold cyclenumbershouldbepurgedandnotreportedwith currentTCreportdata. In thecase
wherethechangeconsistsof sequencing(passingthrough)theTCP+0point, aTC Management
Indicatorisprovidedin theTC+0reportto signalthatthedatain theTC+I report,TC+2report,
and TC+3report canbe reusedby decrementingthe TC sequencenumberand updatingthe
commontimeof applicability,i.e.TC+I reportbecomesTC+0report,etc.TheTCcyclenumber
is alsoupdatedin eachrefreshedreport,sothatthere-sequencingprocessis notrepeateduntil a
newTC cyclenumberisreported.

TheTC cyclenumbershouldbe incrementedeachtimeamajorchangein intent is detectedby
theADS-Btransmittingsubsystem,i.e.theTC cyclenumberwouldcyclefrom0to 1to 2 to 3 to
0 againasthetransmittedintentsequenceor intentdatais changed.Simplechangesin estimated
valuessuchasestimatedaltitudeat a waypointarenot consideredmajorchangesin intent,nor
wouldadditionof a TCreportwith sequencenumberhigherthanthosecurrentlybeingreported.
Major changesof intent typically would result in TC report re-sequencingor would involve
changesin TCtypeassociatedwith apilot input,e.g.a "directto" clearancethatbypassesoneor
morecurrenttrajectorychangepoints. Themessagesynchronizationprocessmustassurethat
only currentlyvalidTC reportdataisbeingreportedandthateachTCreportat acommonreport
timehasauniquesequencenumber.

TTG is originally computedfrom ETA or estimatedtime of arrivalat a waypointasthetime
differencebetweenthe ETA point and the estimatedtime of applicability for ADS-B
broadcasting.WhenTCPmessagedatawith TTGis received,coasttimeis setto zero,andTTG
is referencedrelativeto thereporttimeof applicability. If no furthermessagesfor thatTCPare
receivedatthenextreporttime,thencoasttimeis incrementedandTTGis decrementedby delta
time of applicability,i.e. the report time, coasttime andTTG areall updatedrelativeto the
currenttime of applicability. Thisprocessof TC data'refreshment'continuesuntil anupdated
TCPmessagewith TTGis received,thecoasttimeexceedsthecoastintervalthresholdfor data
renewalcausingtheTCreportdatatobemarked"not available",or theTCreportis sequenced.

11.2 TC Report Management for Future Level A3 Systems

Report management for Level A3 ADS-B systems may be accomplished by means of the TC

cycle number and the TC management indicator. A change in the TC cycle number means that a

major change in intent has occurred which will require a reissue of one or more TC reports, or a

re-sequencing of previously issued TC reports. The TC management indicator provides

information for the ADS-B report assembly function as to what actions need to be done for each
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previouslymanagedTC report,i.e. whetherto maintainandrefreshthat report,whetherto re-
sequencethatreport,orwhetherto markthatreportasunavailableuntil anewTCreportreplaces
the currentlyinvalid intent data. This sectiondescribesreportmanagementfor multiple TC
reportsascurrentlyenvisionedfor futureversionsof theADS-BMASPS.

TheTC ManagementIndicator(TCMI) is a 3-bit field communicatedin messagessupportinga
TC+0report andindicatesthe dispositionof all currentTC reportswhenan incrementedTC
cycle number is detectedin any such report. The currently definedvalues of the TC
managementindicatorareshownin Table9. Theindicatorvalues0 to 2 arerequiredfor any
Level A3 system,whereasthe values3 to 5 provide optional capabilityto minimize the
rebroadcastof currentTC reportsupon detectionof a major changein intent. Additional
capabilitiesmaybe desiredfor standardizationin futureMASPS,e.g.a specialvaluecouldbe
usedto conveya "Direct to" re-sequencingof TC reportswhichbypassesoneor moreof the
currentTCreports.

Table9. TrajectoryChangeManagementIndicator(TCMI)Values

TC
TC Report Management Functions

Management Following Receipt of an Updated TC Cycle Number
Indicator

0 Maintain and refresh all currently valid TC reports.

1 Forward sequence all current TC reports (TC+I --->TC+0, etc.).

2 Mark all currently received TC reports invalid.

3 Maintain current TC+0 report;

Mark all subsequent TC+n reports invalid

4 Mark current TC+0 report invalid;

Maintain all subsequent TC+n reports.

5 Backward sequence all current TC reports (TC+0 --->TC+I, etc.).

6,7 Reserved for future indicator definition.

Upon determination of a newly issued TC cycle number, the report assembly function should

perform all sequencing and updating of current TC reports, as indicated by the TC management

indicator. A TCMI value of zero indicates that all TC reports that are valid should be updated

with TC cycle number, and have times updated to the current time of applicability. Normally,

the TCMI will have a non-zero value to indicate additional actions to be performed on current

TC reports. After the report assembly has performed the actions signaled by the TCMI on all

updated TC reports, the TC management indicator should be reset to zero in TC+0 to indicate

completion of those tasks. Once the TCMI is set to zero, any TC report data obtained during the

current data broadcast can be used to update current TC reports or to initiate new TC reports.

A TCMI value of one indicates that the currently active flight segment reported by TC+0 has

been sequenced. This value is required in order to maintain continuity of intent after the current

flight segment is sequenced. The sequencing logic is: (1) if there is no currently valid TC+I

report, and the TC+0 report has a horizontal TC type which indicates a valid track from TCP,

then the current TC+0 report may be maintained after TC report updating for a time interval not
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to exceed2 minutesbeyondthetimeof TCPsequencing.Otherwise,thecurrentTC+0reportis
markedas invalid; (2) if thereis a currentlyvalid TC+I report,then the elementvaluesfor
TC+I arereinitiatedasthenewTC+0reportwith appropriatereportdatarefreshment.Similarly,
anysubsequentTC+nreportsareresequencedasTC reportswith sequencenumbern-1. The
currentTC reportwith largestvalid sequencenumberis thenmarkedinvalid sinceits valuesare
containedin aresequencedTC report.

A TCMI valueof two indicatesthat all currentTC reportsareto be markedasinvalid. This
valuecanbe usedto signalADS-Bapplicationsthat TC intentis no longeravailable,or asa
precursorto reissueof newTC intentafteramajorchangein ADS-Bparticipantintent. Upon
receiptof a TCMI valueof two, the report assemblyfunction shouldset the horizontaland
verticaldataavailablefieldsof eachTCreportto 'dataunavailable'sothatADS-Bapplications
will no longeruseanypreviouslyreceivedTCintentdata.

A TCMI valueof threeindicatesa major changein intent in one or moreTC reportswith
sequencenumbergreaterthanzero. In this case,theTC+0reportis updatedandrefreshedas
indicatedabove,exceptthatthe track-fromTCPvaluemayhavechanged.If theeffectof the
intent changeinvalidatesthe currenttrack-from TCP in TC+0, then the ADS-B transmit
subsystemshouldsendthe updatedvalueof track-fromTCPfor TC+0 reportupdating. All
subsequentTC+nreportsshouldthenbemarkedinvalidasdescribedabovefor a TCMI valueof
two.

A TCMI valueof four indicatesamajorchangein TC+0reportingwith subsequentTC+nreports
still valid, i.e. this valueindicatesthat newintentmessagesareforthcomingor havejust been
receivedthatcontainmajorintentchangesfor theactiveflight segment.UponreceivingaTCMI
valueof four, the currentTC+0reportshouldbe markedasinvalid andall subsequentTC+n
reportsupdatedandrefreshedas describedabove,exceptthat therecouldbe a changein the
track-toTCPvaluefor theTC+I report. If theeffectof the intentchangeinvalidatesthecurrent
track-toTCPin TC+I, thentheADS-B transmitsubsystemshouldsendtheupdatedvalueof
track-toTCPfor TC+I reportupdating.

A TCMI valueof five indicatesthat a newTCP hasbeeninsertedprior to the currentTC+0
report,i.e. theactiveflight segmenthasbeenchangedto insertahorizontalroutingchangeor a
verticalconstraintprior tothecurrentlyactiveTCP. Figure13showsanexamplescenariowhere
a new TCPhasbeeninsertedin orderto changepath lengthandtimeof arrivalat subsequent
TCP points. Upon receivinga TCMI value of five, the currentTC+n reportsare given
incrementedn+l sequencenumbers(limited to a maximumvalueof four), andupdatedwith
incrementedTC cyclenumbersandtimesasdescribedabove.ThecurrentTC+0reportfield is
thenmarkedasinvalid until newly issuedTC+0reportdataarereceived. If the effectof the
intentchangeinvalidatesthecurrenttrack-toTCPin TC+0,thentheADS-Btransmitsubsystem
shouldsendtheupdatedvalueof track-toTCPfor updatedTC+I reporting.
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Figure 13. Example Scenario for TCMI Intent Resequencing

12 Conclusions and Future Plans for Intent Consideration

12.1 TS and TC Report Format Validation

Although considerable effort was expended in developing and evolving the TS and TC report

formats for ADS-B intent broadcast in DO-242A, this work did not include simulation or

detailed analysis of newly introduced ADS-B intent formats. Future simulation and flight test

studies of proposed operational concepts using intent broadcast are needed to validate the

formats and intent structure developed to date, and to further evolve ADS-B intent standards for

future revisions of the ADS-B MASPS. This work needs to be coordinated with the operational

groups developing intent-based operational concepts in order to further mature the use of

airborne intent for surveillance and separation assurance applications. TS and TC report

elements implemented in DO-242A can either be supported by current avionics or may be

substituted with commonly available information. Additional coordination is needed with

avionics manufacturers to ensure that all TS and TC report elements, including those provisioned

for later MASPS versions, can be fully supported and are available for information exchange
over standard data buses.

12.2 Intended Airspeed Reporting

DO-242A of the MASPS limits intent reporting to horizontal and vertical target states and

trajectory change points. Other types of intent, such as target airspeed and target vertical rate,

were not considered for TS reporting in DO-242A, since there seems to be less agreement as to

the importance and operational utility of such data. There are some applications such as in-trail

approach monitoring where intended airspeed may be extremely valuable for intent reporting,

e.g. to cue the trailing aircraft that the lead aircraft is decelerating to a target airspeed value.

Similarly, several recent studies have shown the value of reporting aircraft minimum approach

speed (VREF) to properly space aircraft on final approach prior to deceleration to landing

speed. 17-1* Commanded airspeed changes were not included in DO-242A TC reports, since gross
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changesin airspeedare accommodatedby including Time-to-TCPas a report element.
However,potentiallyusefulintentparameterssuchastargetairspeedandairspeedTCPswill be
reexaminedfor introductionin futureMASPSrevisions.

12.3 Additional TC Leg Transition Types

The TC leg types that were considered for DO-242A are limited to basic leg types for horizontal

and vertical transitions. There are other leg types that are potentially available from FMS

systems, e.g. procedure holds, Mach/CAS cross-over speeds on climb and descent, planned

changes in vertical rate or flight path angle, longitudinal deceleration prior to meter fix entry, etc.

One potential leg type is an "Interpolated Track to Fix" type that would be similar to a Track to

Fix type, except that the ADS-B transmit subsystem could potentially interpolate additional TCP

points in order to assure that a TCP is available for broadcast within operationally relevant time

limits for TCP broadcast. Expansion of TCP leg types will be re-examined for future MASPS

use based on operational value and future development of separation assurance operational

concepts.

12.4 RNP based Intent Integrity Monitoring

The extent to which intent data can be used for critical separation assurance applications will

depend on the integrity of such data, i.e. the reliability of trajectory path following and staying

within specified bounds of the intended path. The RNP RNAV MASPS 6 specify integrity

containment bounds for path following which can serve as a basis for intent integrity metrics for

ADS-B reporting, provided such aircraft are RNP qualified. In future versions of the ADS-B

MASPS, it is expected that RNP metrics and altitude "windows" may be used to express aircraft

capability to stay close to the broadcast path, and to fly within specified trajectory bounds. This

version of the MASPS did not include RNP integrity metrics since operational concepts for

trajectory based separation assurance are not considered sufficiently mature and only limited

operational experience is available to assess the value of RNP systems. The material below

summarizes the overall concept of RNP containment integrity and conformance monitoring.

In the horizontal plane, RNP accuracy and integrity bounds are used to describe the expected

lateral path deviation and the allowable lateral path deviation for path conformance. For

example, an RNP-1 RNAV system is certified to stay within 1 NM of the intended lateral routing

at least 95 % of the time, including turn maneuver periods. The RNP integrity bound for

conformance monitoring is twice the accuracy value, i.e. a conformance warning is generated by

the RNAV system if the aircraft deviates from the intended lateral path by more than 2 NM. If

TC intent data is to be used for critical separation assurance applications, such as detecting and

resolving flight path conflicts, then it may be necessary to expand TC report data to incorporate

lateral RNP RNAV capability and a lateral RNP conformance flag (element 7g of Table 4) for

assessing the integrity of horizontal TC report data. The transmitted conformance flag would

indicate that the aircraft was capable of detecting a loss of RNP containment, and that the current

lateral path deviation was within allowable limits for lateral path conformance. Since the

broadcasted intent data could potentially result in misleading predictions of the future intended

aircraft path, conformance monitoring on the ADS-B receive side may be necessary as well.

Figure 14 illustrates the concept for user conformance monitoring of lateral path predictions for a

horizontal turn maneuver. In this example, the aircraft is moving along an intended path toward
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the left side TCP Start-of-Turnpoint to the right sideTCP End-of-TurnTCPpoint. As the
aircraftapproachestheRNProutebound,aconformancealertis generated,cautioningthedata
userof a potentialintegrity errorin thebroadcastpath. When the aircraft flies outsidethe
intendedRNP containmentregiona conformancewarningis generated,indicatingan intent
integrityerror.

Conformance _ --_

.........................................................................................................................._ Con_o(manee

.............:_...o_ ......................Ale(t

................. ........................ ....
i i "" ....

Bound

Figure 14. RNP Lateral Conformance Monitoring For Intent Validation

In the vertical plane, RNP integrity is specified as the allowable vertical containment at specified

waypoints (ref. RNP MASPS), using either "window" altitude constraints or an "At" constraint

at each vertical TCP. This is shown for a descent example in Figure 15. The airplane would be

expected to stay within the vertical bounds better than 99% of the time (using thrust or drag

energy management if necessary), and to broadcast an alert message if unable to comply with the

specified vertical tolerances. The vertical RNP concept is more restrictive than existing altitude

constraints and will need operational validation before implementing in future ADS-B MASPS.

It is expected that two quantities would need to be added to TC reports for implementation, i.e.

the delta height between upper and lower constraints, and a vertical conformance flag (element

8f of Table 4).
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Figure 15. Vertical Path Conformance Region for Descent Example
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Glossary of Trajectory / Intent Terms

Active Trajectory. The active trajectory or flight segment refers to the current path and

automation states being used for guidance and control of the aircraft.

Command Trajectory. The command trajectory refers to the path an aircraft will fly if the pilot

does not engage a new flight mode nor change parameters for active or future flight segments.

Non-Precision Trajectory. A non-precision trajectory refers to an aircraft path with no specific

containment bounds between the intended path or flight parameters and the actual path flown.

Typically, transitions to an intended trajectory such as Direct To segments are non-precision,

whereas aircraft flying RNP path segments with known lateral and vertical containment are

precision trajectories. (A trajectory can also be a precision flight path in the horizontal and non-

precision in the vertical plane.)

Planned Trajectory. Theplanned trajectory includes intent information that is conditional upon

the pilot engaging a new flight mode. Without pilot input, the aircraft will only fly toward the

command trajectory. If the aircraft system is unable to determine whether a trajectory segment is

planned or command, then the default type is a planned trajectory.

Selected Altitude. Selected Altitude is an altitude value which is dialed in an autopilot interface

such as a Mode Control Panel to specify a desired limit value for climb or descent segments, or

to specify a desired target altitude to maintain for level flight segments.

Selected Heading / Track. Selected Heading is a desired air reference heading value that is

dialed into an autopilot interface such as a Mode Control Panel to specify a target value to

transition towards and maintain for constant heading angle flight. Selected Track is similar to

selected heading except that the directional reference is inertial track angle rather than heading.

Short Term Intent. Short Term (TS report) Intent refers to the intended path and intended flight

parameters on the currently active flight segment. Short-term intent can refer to either autopilot

or FMS/RNAV parameters associated with the current flight segment.

Target Altitude. Ideally, Target Altitude is the aircraft's intended level-off altitude if in a climb

or descent, or the aircraft's current intended altitude if it is being commanded to hold altitude.

However, since many aircraft only have limited ability to communicate target altitude, it is

acceptable to broadcast alternatives to target altitude based on aircraft capability.

Target Heading / Track. Target Heading / Track is the heading or track angle target used by

the aircraft guidance system to acquire or maintain the lateral path. The actual value used

depends on the active guidance source, i.e. allowed values include Selected Heading / Track for

direct autopilot specification, Heading/Track Hold for autopilot maintenance of the current

heading or track angle, and FMS / RNAV specified track angle to the next lateral waypoint.

Time of Applicability. Time of Applicability is defined in the DO-242 MASPS as the time of

report validity. Since Time to Go (TTG) is defined as the "estimated remaining flight time to the

TCP point", we here interpret time of applicability for TC reports as the current time for newly

received report data. TTG then represents time to TCP relative to current time of applicability.

Trajectory Change Point. A Trajectory Change Point is a point where an anticipated change in

the aircraft's velocity vector will cause an intended change in trajectory. The change in

trajectory may be either a change in path or a change in speed.
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